INTRODUCTION
Pulmonary surfactant was initially identified as a lipoprotein complex that reduces surface tension at the air-liquid interface of the lung (1, 2) . This definition has been reassessed with recent studies showing that surfactant also functions in pulmonary host defense. Surfactant is mostly composed of phospholipids that are essential for reducing surface tension at the air-liquid interface of the lung. About 10% of surfactant consists of protein ; four surfactant proteins (SPs) have been defined : SP-A, SP-B, SP-C and SP-D. Among these proteins, SP-B and SP-C are small and hydrophobic, and SP-B is essential for the ability of surfactant to reduce surface tension (3) . On the other hand, the host-defence functions of surfactant are primarily mediated by SP-A and SP-D, which are members of the collectin family of proteins.
Collectins are distinguished by their amino (N)-terminal collagen-like regions that have a repeating triple helix of Gly-X-Y triplets, where X denotes any amino acid and Y is often a hydroxyproline residue. The carboxy-terminal domains of the collectins all have C-type (calcium-dependent) lectin activity. The lectin domains mediate the interaction of collectins with a wide variety of pathogens. The most well-understood consequence of this interaction is pathogen opsonization and enhanced uptake by phagocytes. SP-A and SP-D are synthesized as primary translation products of approximately 26-36 kDa and 43 kDa, respectively. The collagen-like domain is N-terminal to a coiled-coil structure that precedes the lectin domain. The collectins are assembled as trimeric subunits, which multimerize to varying degrees. SP-A is mainly an octadecamer and forms a bouquet-like structure, whereas SP-D forms a dodecamer (Figure 1 ). SP-A structurally resemble the first component of complement, C1q, however, C1q does not contain a lectin domain, although it does have a collagen-like N-terminal triple helix. In humans, the genes that encode SP-A and SP-D have been mapped to a cluster on the long arm of chromosome 10 (4-7).
Since SP-A and SP-D are the members of the collectin family, the immunoregulatory functions of SP-A and SP-D have been studied mainly in the field of infectious diseases. They are able to bind to a variety of bacteria, viruses, allergens and apoptotic cells and thereby function as opsonins to enhance the uptake of these cells and particles. Some pathogens are aggregated by SP-A and/or SP-D. They are also reported to have direct effects on immune cells and modulate the production of cytokines and inflammatory mediators (8, 9) . On the other hand, recent clinical and experimental studies suggest that they are also involved in non-infectious lung diseases such as pulmonary fibrosis and lung cancer. In this review, we focus and discuss on diverse functions of SP-A in various lung diseases. An emphasis is placed on recent studies showing that SP-A has novel functions in regulating epithelial cell apoptosis in mouse bleomycin-induced acute lung injury model, and controlling the polarization of macrophages in lung cancer model.
SP-A AND ACUTE NON-INFECTIOUS LUNG INJURY
Acute respiratory distress syndrome (ARDS) is a clinical syndrome with acute lung injury characterized by significant hypoxemia with bilateral pulmonary infiltrates consistent with edema (10, 11) . ARDS is caused by multiple etiologies including non-infectious lung diseases such as acute interstitial pneumonia and chemical pneumonia, as well as infectious diseases such as microbial pneumonia and sepsis. Despite decades of intense investigation, the fundamental mechanisms that initiate and control ARDS have not been elucidated, and conventional treatment plans such as high-dose glucocorticoid therapy is not effective in many cases and overall 28-day mortality of ARDS is fairly high (25-40%) .
Several clinical studies reported the changes of SP-A expression in ARDS patients. They have demonstrated that SP-A concentration in the bronchoalveolar lavage (BAL) fluid was significantly lower in both established ARDS patients and patients at-risk for ARDS, compared to healthy volunteers (12, 13) . On the other hand, SP-A levels were increased in the serum of patients with ARDS (12). These findings suggested that SP-A might play an important role in the pathogenesis of non-infectious lung injury. We therefore evaluated the contribution of SP-A in the pathogenesis of non-infectious lung injury using mouse bleomycin-induced lung injury model. We compared the development of bleomycin-induced acute lung injury in wild-type (WT) and SP-A -/-mice, and found that : (a) SP-A -/-mice were more susceptible to bleomycin induced death ; (b) SP-A -/-mice exhibited higher level of inflammatory cytokine and high mobility group box (HMGB) 1 expression as well as increased vascular permeability compared to WT mice ; and (c) exogenous SP-A administration rescued the phenotype of SP-A -/-mice. In combination with in vitro experiments, we have also shown that SP-A reduces apoptosis induced by bleomycin (14) . These results suggested the importance of SP-A in the pathogenesis of noninfectious acute lung injury. Although the precise mechanism by which SP-A regulates epithelial cell apoptosis (especially the early stage of apoptosis ; see ref. 14) needs to be further determined, this observation might also explain the increased vascular permeability and HMGB1 levels in SP-A -/-mice compared to WT mice subject to bleomycin treatment. As maintaining the integrity of the airway epithelium is a crucial step in the regulation of acute 
SP-A AND LUNG CANCER
Lung cancer is the major cause of malignancyrelated death worldwide. The mortality rate is 80-90%, which makes this disease the leading cause of cancer-related death (15) . The high mortality of this disease is primarily due to the difficulty of early diagnosis, the high metastatic potential, and poor responses to chemical or radiation therapy. Since there is no established curative therapy for advanced lung cancer to date, clinical management is palliative in many cases. Therefore, it is crucial to investigate and understand the underlying biological and molecular mechanisms of lung cancer progression.
In clinical studies, SP-A was expressed in approximately 49% of primary non-small cell lung carcinoma (16) and is used as specific marker of carcinoma that originates in type II pneumocytes. Additionally, a previous study demonstrated that deletion of the SP-A gene in non-small lung cancer cells was associated with tumor progression (17). Tsutsumida et al. found that lung adenocarcinoma patients with relatively high MUC1 mucin expression and low SP-A expression in cancer cells had poor outcome (18) . These studies demonstrate that, in addition to use as a diagnostic marker, SP-A expression in lung cancer cells could be the useful biomarker of good prognosis. However, the role of SP-A in lung cancer has not been extensively studied and the mechanisms by which SP-A controls lung cancer progression is still unknown.
To determine the role of SP-A in lung cancer pathogenesis, we have generated SP-A over-expressing human lung adenocarcinoma cells, and showed that : (a) SP-A expression in cancer cells suppressed progression of lung adenocarcinoma in both xenograft and lung metastasis models ; (b) SP-A inhibited lung cancer progression not by its direct effect on tumor cells but by regulating host microenvironment, including macrophages and natural killer (NK) cells ; (c) SP-A increased the number of M1 tumor-associated macrophages (TAMs) in the tumor microenvironment, resulting in NK cell recruitment and activation within tumor tissue (Figure 2) . These results suggested new immunoregulatory functions of SP-A, which is frequently expressed in pulmonary adenocarcinoma (19) .
Considering the character of TAMs, it is now generally accepted that TAMs usually polarize to M2 and represent pro-tumoral functions (20) . Indeed, we have seen in our study that approximately 60% of TAMs had M2 phenotype in vector-transduced tumors. However, when tumor cells expressed SP-A, this M1/M2 balance was reversed, and M1 anti-tumor (pro-inflammatory) macrophages became dominant. Subsequent analyses indicated that SP-A aided in making the TAMs M1-dominant by increasing the number of recruited M1 macrophages rather than shifting the M2 TAMs into M1 phenotype in the tumor microenvironment. In the field of infection, it is well known that the macrophages are one of the target cells that SP-A interacts with to regulate infectious inflammation. From this point of view, there might be a common pathways for SP-A to regulate macrophage-related inflammation between infectious lung diseases and lung cancer. For instance, SP-A may enhance the binding of cytokines to their respective receptors. SP-A is reported to bind to several receptors including Toll-like receptor (TLR) 2 and 4, and regulate inflammatory responses induced by pathogen-derived products such as peptidoglycan and LPS via TLRs (21) (22) (23) . In addition to its role in TLR-mediated cellular responses induced by infectious challenges, it is very possible that SP-A regulates the function of TAMs in the tumor microenvironment through the interaction with TLRs. However, it is also considerable that the story is not so simple. We also showed in this study that SP-A activated only circulating monocytes/macrophages while it showed no effect on resident alveolar macrophages (AMs) in cytokine expression. In the lung, the resident AMs are thought to acquire the tolerance against SP-A as they are continuously contacted by SP-A, which could be a plausible explanation, as the host needs to be protected from the overzealous inflammation in the lungs. Further studies are needed to understand the precise molecular mechanisms of the diverse and cell-specific function of SP-A against macrophages in the context of SP-A and lung cancer.
GENETIC VARIATIONS IN SP-A
Two functional genes of SP-A were detected in previous report (24) ; SFTPA1 and SFTPA2 that encode SP-A1 and SP-A2 protein, respectively. Although human SP-A1 and SP-A2 have a 96% degree of similarity at the protein level, these genes were differentially regulated by development (25) and have a minor difference in carbohydrate-binding activity (26) , resulting in the functional differences. For example, SP-A2 exhibits a higher level of activity than SP-A1 in its ability to enhance inflammatory gene induction and pathogen clearance, potentially due to the increased stability of the protein (27, 28) . Although a comprehensive documentation of the allelic variations of all SPs is beyond the scope of this review, we will introduce several common polymorphisms that occur in SP-A, as we are in the period to begin to understand the molecular mechanisms by which these polymorphisms affect SP function.
Selman et al. has reported that one SP-A1 (6A 4 ) allele and the single-nucleotide polymorphisms (SNPs) that characterize the 6A 4 allele were found with higher frequency in idiopathic pulmonary fibrosis (29) . More recently, Maitra et al. reported that BAL fluid from humans heterozygous for a missense mutation in SFTPA2 which changes glycine at position 231 to valine (G231V) contained more transforming growth factor (TGF)-β1 than control samples, and expression of mutant SP-A2 in lung epithelial cells led to secretion of latent TGF-β1, which was capable of autocrine and paracrine signaling (30) . These data suggest that therapeutic targeted to block the pathway induced by mutant SP-A2 might be especially beneficial for the molecularly defined subgroup of patients with pulmonary fibrosis.
CONCLUDING REMARKS
From decades ago, surfactant was recognized as a soap-like substance that reduced surface tension in the lung and made breathing easier. With the development of molecular and biological techniques, it was discovered that SP-A was structurally homologous to an immune protein of the complement cascade, C1q. Since then, an entire family of proteins has been identified, and the role of the innate immune system has garnered increasing attention. After the generation of knock-out mice, in vivo and in vitro data accumulation was accelerated, and now it is well known that SP-A (and SP-D) has the defensive role in infectious lung diseases by mediating various immune-cell functions. More recently, studies have shown novel roles for these proteins in noninfectious lung diseases. As presented in this review, SP-A plays a role in regulating apoptosis in the model of acute lung injury and controlling the polarization of macrophages in lung cancer model. Modern high molecular technologies would make us possible to explore more deeply in the genetic variances in SPs in various diseases, which also has a potential to accelerate the understanding of SP function. Although there are still many obstacles, the studies described in this review support the intriguing possibility that therapeutic strategy targeting SP-A might be efficacious for the treatment of non-infectious lung diseases as well as infectious diseases.
